Previous work has shown the complement of leucyl transfer RNA (tRNALeu) isoaccepting species present in soybean cotyledons to change during cotyledon senescence. Of the six tRNALeu species resolved by Freoncolumn chromatography, the capacity of species 1-4 to accept leucine is decreased between 5 and 21 days of age. Parallel changes in tRNALeu synthetase activity are reported here during the same time period. There is a reduction in the capacity of the synthetase from 21-day-old cotyledons to aminoacylate tRNALeu 1-4, while the capacity to charge tRNALeu 5-6 remains high. When tRNALeU derived from 5-day-old cotyledons is maximally charged with the 21-day synthetase, the subsequent addition of synthetase from 5-day-old cotyledons promotes additional charging, primarily of species 1-4. These results suggest the presence of tRNA1-u "subspecies" within the individual peaks resolved on a Freon column, differing in synthetase specificity.
There is now considerable evidence that cell-specific protein synthesis is regulated, at least in part, at the level of mRNA translation (1) (2) (3) (4) . Both the concentration of specific tRNA molecules and of the corresponding aminoacyl-tRNA synthetases may play critical roles in limiting translational capacities. Specifically, tRNA changes have been demonstrated during differentiation of animal cells (5) (6) (7) (8) , in higher plants (9) (10) (11) , in neoplastic cells (12, 13) , and in the same cell type while it produces different proteins (14) ; and, differences have been demonstrated for amino acid-specific tRNA synthetases of different tissues (10, 15) . Reduced and/or altered synthetic capacities of cells may have direct implications in biological aging (15, 16) . Limiting quantities of specific tRNAs and/or synthetases may restrict a cell's capacity to read certain genetic code words, and the loss in specific code reading abilities concerned with the synthesis of essential cellular components would lead to deleterious effects on longterm cell function.
In the present studies, the senescing soybean cotyledon was used as a model system to determine changes in the translational machinery during aging. This organ is generally considered to senesce during the early stages of plant development while providing the growing embryonic axis with the hydrolytic products of its own constituents. We have previously shown that the complement of tRNALeu isoaccepting species changes during cotyledon senescence. In this paper we report a reduction in the capacity of tRNALeu synthetase to acylate certain of these isoaccepting species during a similar time period. Results are presented that are most readily interpreted as evidence for coeluting subspecies of tRNALeU which possess different charging specificities.
MATERIALS AND METHODS
Transfer RNA and synthetase preparation Soybean seeds (Glycine max L. var Hawkeye) were allowed to imbibe water overnight, sown in moist vermiculite, and placed in a dark, humid growth chamber maintained at 29-30oC. After appropriate time intervals, cotyledons were excised, placed on ice, washed briefly with ice-cold deionized water, and were then used for either tRNA or synthetase extraction.
Transfer RNA was isolated by the method of Anderson and Cherry (10) except that prior to the final dialysis the tRNA was deacylated by incubation in a small amount of 1 M Tris buffer (pH 9.1) for 30 min at 370C. The tRNA was then precipitated by the addition of 2 volumes of 95% ethanol and 0.1 volume of 2M potassium acetate (pH 5.5), collected by centrifugation, dissolved in a small amount of deionized water, and was dialyzed overnight against water containing 5 mM 2-mercaptoethanol.
The method of Anderson and Cherry (10) was also used for the synthetase preparation, except that homogenization was performed in a Sorvall Omni-Mixer at high speed. The final preparation was stored at -20'C in 40% glycerol without loss of activity for up to 4 months.
The aminoacylation assay was performed as described (11) , except that the leucine concentration was adjusted to 0.01 mM.
Phenoxyacetylsuccinimide derivatization procedure
Transfer RNA was acylated in a 2-ml reaction mixture containing 45 A260 units of tRNA, 4 Previous studies from this laboratory (11) have shown that the relative amounts of the six tRNALU isoaccepting species of cotyledons change between 2-15 days of plant growth. These studies have now been extended to plants 21-days old, about the maximum lifespan of the cotyledon under the growth conditions employed. These data are summarized in Table 1 . A synthetase preparation derived from 5-day-old cotyledons was used routinely. The key changes observed are a decrease in the relative amount of peak 2, with sharp increases in the relative amounts of peaks 5 and 6. The total leucine-acceptor activity in the 21-day-old cotyledons was reduced to about 50% of that characteristic of 5-day-old cotyledons ( Table 2) . * Total pmol acceptor activity was determined by maximum charging in an in vitro assay. The acceptor activity in each peak was calculated from the total pmol incorporation from the per cent of the total radioactivity in each peak. Values are average of two different column runs. , t Numbers in this column are age (days) of cotyledon from which enzyme or tRNA was prepared. Fig. 2 . The relative amount of acceptor activity in each peak is shown in the inset to the figure. The most notable difference is the decreased capacity of the 21-day synthetase to acylate peaks 1-4. The pmol of leucine charged in peaks 5 and 6 is only slightly reduced with the 21-day synthetase (see Table 2 ).
Similar changes are observed when 21-day-old tRNA is acylated with 5-and 21-day synthetase (Fig. 3) . The capacity to charge tRNALU14 is even further reduced, and species 5 and 6 become a major portion of the total leucine acceptor activity in the 21-day-old cotyledon. The insets to Figs. 2 10 jumol ATP, and 10 umol CTP, in a total volume of 2 ml. Incubation was for 30 min at 30'C. Transfer RNA was phenol extracted, precipitated with ethanol, and collected by centrifugation. tRNALeU was then acylated with the appropriate synthetase preparation and fractionated on a Freon column as described in Table 1. t Numbers in column refer to age (days) of cotyledons from which enzyme and tRNA were prepared. extent of charging was affected. To determine the nature of the loss in synthetase activity, 5-day-old tRNA was aminoacylated to a plateau level with 21-day synthetase, then 5-day synthetase was added. Fig. 4 shows that under these conditions the addition of 5-day synthetase promotes further charging, whereas the addition of more of the 21-day synthetase does not produce such an effect. No aminoacylation occurred in reaction mixtures in the absence of added tRNA, ruling out the possibility that significant amounts of tRNA were present in either synthetase preparation. When 5-dayold tRNA was acylated with 5-day synthetase, the subsequent addition of more 5-day synthetase did not promote further charging.
In order to determine which tRNALeu species were being acylated when 5-day synthetase was added to the completed 5-tRNA-21-enzyme reaction, charging was performed with 21-day synthetase and [3H]leucine for 35 min. The product was precipitated and derivatized with phenoxyacetic acid N-hydroxysuccinimide ester to stabilize the aminoacyl bond. After derivatization and isolation, the tRNA was acylated with the 5-day synthetase and [14C]leucine, and fractionated on the Freon column. The results are presented in Fig. 5 , which shows that the 3H label is incorporated into all six species of tRNALeU with 21-day synthetase, whereas the subsequent acylation with 5-day synthetase results in the charging of only tRNALeu (with the 14C label). Subsequent acylation with 21-day synthetase results in no further charging or incorporation of the 14C label. Other studies have shown that under the incubation and time conditions employed there is essentially no exchange of labeled leucine. These data would thus suggest that the reduced capacity of the 21-day synthetase to aminoacylate tRNALeU is due exclusively to a loss in the capacity to fully acylate tRNALeU14.
tRNA-acceptor activity is not being modified by either synthetase
To determine whether the two synthetase preparations differ in RNase activity, or in some other factor which modifies tRNA so as to alter its acceptor activity, aliquots of 5-day-old tRNA were separately incubated with either 5-or 21-day synthetase preparations in the absence of amino acid. After phenol extraction and ethanol precipitation, the tRNAs were acylated with the converse synthetase. The results of these experiments are shown in Table 3 . In neither case does incubation of tRNA with one synthetase preparation affect the relative distribution of label among the various peaks when the tRNA is subsequently acylated with the other synthetase These experiments rule out differential RNase activities in the two enzyme preparations as a source of the differences observed in peak charging, as well as differences in the removal or addition of the -CpCpA terminus of the tRNA, or other modifications of tRNA acceptor activity.
DISCUSSION
Previous studies in which quantitative and qualitative differences in tRNA charging capacities were demonstrated among different tissues from a given animal or plant source make it evident that cells change in their ability to utilize different tRNAs during development. The occurrence of tRNA and synthetase modulation during ontogeny, and the effect of this modulation on the proteins being produced, was clearly demonstrated by the recent experiments of Ilan (20) with the mealworm Tenebrio molititor. The changes intRNALeu and the corresponding synthetases reported here are just the converse of Ilan's findings. In both sets of experiments concomitant changes in both tRNA and synthetase occurred. In the case of senescing cotyledons, however, the changes in tRNALeU acceptor activity and the acylating capacity of the synthetase consists of a loss in certain isoaccepting components present. Although tRNALeu 4 are not completely lost, their relative capacity to accept leucine is decreased 6-10-fold. The capacity to control message translation by limiting quantities of tRNA has been demonstrated by Anderson (21) . We are presently attempting to determine the relative concentrations in vivo of each of the Leu-tRNALeu species in the young and old cotyledons. The in vitro assay measures the maximum acceptor activity for amino acid, but it may be that tRNA is less than 100% aminoacylated in vivo, and that the rates for acylating tRNALeu1_ in vivo are lower than the rates for acylating species 5 and 6. If this were the case, tRNALeu, species would constitute an even greater portion of the total leucine acceptor activity, particularly in the older cotyledon.
Kanabus and Cherry (22) have reported the fractionation of tRNALeU synthetase from soybean cotyledons into three peaks of activity on hydroxylapatite. The first peak is specific for acylating tRNALeu'6, and the other two charge species 1-4. The data reported here suggest the loss of one of these two synthetase fractions specific for tRNALOU1_4 in the aging cotyledon. However, this would require some degree of specificity in the capacity of these two synthetases to acylate these tRNA species. That is, each of the first four peaks resolved on Vol. 68, 1971 228 Biochemistry: Bick and Strehler a Freon column might actually consist of tRNALeU "subspecies," perhaps differing in the degree of methylation or some other modification that affords synthetase specificity. Thus, when 5-day-old tRNA is acylated with 21-day synthetase, the subsequent addition of 5-day synthetase may result in the charging of a group of tRNALeu1_ subspecies not previously charged by the 21-day synthetase preparation (which lacks the appropriate synthetase).
Subspecies, if present, may represent organelle (mitochondrial and chloroplastic) tRNAs and their respective synthetases (23) . Thus, species 1-4 might be present in both the cytoplasm and in organelles, but the species may differ in subtle modifications depending on their intracellular location, thus giving rise to different synthetase specificities. However, the report of Anderson and Cherry (10) showing tRNALeU3-4 to be the major mitochondrial species makes it unlikely that the changes reported here are due entirely, if at all, to specific changes of tRNA in organelles.
With six peaks of Leu-tRNALeu resolved on a Freon column and six known codons for leucine, it seems reasonable to suggest that each peak responds to a unique codon or a small group of codons. Should this be the case, the changes reported here in tRNALeU and synthetase might well limit message translation (to messages rich in the codons corresponding to Leu-tRNALeu&6). This would be particularly true if the in vivo concentrations of aminoacylatedtRNALeu14 are lower than the maximum concentrations achieved in vitro. It has been proposed (15, 16 ) that the initiating events in senescence consist of the loss of certain translational capacities in the mature, post-mitotic phase of the lifespan. The present data are consistent with this hypothesis.
